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A H i  gher-order Language for  Describing 

Mi croprogramned Computers 

Abstract 

This report discusses the application of a higher-order 

language for describing microprogram control 1 ed computers. The 

language is symbolic, algorithmic and descriptive. 

cise and precise in describing computer elements, mi cro-operations, 

sequences and microprograms. A simulator has been constructed 

for simulating microprogrammed computers described i n  th is  lan- 

guage. 

I t  i s  con- 

The language i s  introduced by describing a simple sequence, 

f i r s t  i n  conventional sequential logic control and then in micro- 

program control. A simple, microprogram controlled computer i s  

then described. The description shows the configuration, the 

microprogram i t s e l f .  

are partly shown. 

Results of the simulation of these examples 
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A Higher-order Language for Descri bins 

Mi croprogrammed Computers 

1. Introduction 

The idea of microprogramming (or microprogrammed Computer 

or microprogram controlled computers) was first conceived in 1951 

(1, 2, 5, 8). The early microprogramed computers were mostly de- 

signed and constructed to make one computer to behave like several. 

Today, most of the computers manufactured are mi croprogrammed com- 

puters. However, microprogrammed computers of today are designed 

and constructed to make a family of computers to behave like one. 

In either case, it is an application of the original idea that the 

sequencing of the built-in micro-operations can be changed by 

changing the microprogram. 

Microprograming is an art of specifying the contro s of 

all the built-in micro-operations into sequences for the purpose 

of performing complex logical 

The ideas of loops, subroutines, mu1 tiprocessing and multiprogram- 

ming in the conventional programing can be and have been applied 

i n mi croprogrammi ng . 

arithmetic and other functions. 

Recently, there has been a g ing, renewed interest in micro- 

programming. One important reason of this renewed interest is 

that the microprogram in a mi croprogramed computer becomes a 

bridge between the software and hardware designers. 

this bridge, behavior o f  a microprogrammed computer can be, to 

some extent, a1 tered (le) without resorting to hardware changes. 

By means of 
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A microprogram i s  an array of 1 ' s  and 0's. Like the prep- 

aration of programs of early digi ta l  computer, preparation of a 

microprogram i s  fraught w i t h  error.  

meaning of the array o f  1 ' s  and 0 ' s  is  d i f f i cu l t  t o  be understood, 

Therefore, the idea of describing the microprogramsby a higher- 

order algorithmic language and generating the microprogram by 

compilation i s  applied. T h i s  report applies a higher-order 

a1 gori thmi  c 1 anguage (16) t o  the description of m i  croprogrammed 

computer. A simulator has been constructed and is now available 

(2a. Once the microprogramed computer is  described by the 

higher-order language, i t  is punched in to  a deck o f  cards and 

the paper 'computer is ready fo r  simulation. 

When i t  is prepared, the 

We shall f i r s t  introduce this higher-order language by des- 

c r i  bi  ng a ser i  a1 complement sequence. Then,  a m i  croprogrammed 

computer i s  described by this h i  gher-order 1 anguage. 
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2.  A Serial Complement Sequence 

This sequence ser ia l ly  complements every b i t  of a word 

stored i n  a sh i f t  register. This sequence i s  f i r s t  described 

by sequential logic control and then by micro-programmed control. 

2.1 Sequential logic control 

A configuration for carrying o u t  th is  complement sequence 

i s  shown in Figure 1. Register A is  the sh i f t  register when the 

word i s  stored. Nhen register A is being shifted one b i t  t o  the 

r ight ,  the contents of b i t  A(1)  a t  the right end of the register 

are complemented by a logical NOT block and then transferred t o  

b i t  A(10) a t  the l e f t  end of the register. After complementing 

and right-shifting in th i s  manner ten times, each b i t  of register 

A i s  complemented. Counter C counts the number of times. Counter 

T and clock P generate the control signals. Switch START in i t ia l izes  

the necessary operations for  the sequence, and l ight  FIN1 indicates 

the completion of the operation. T h i s  configuration can also be 

described by the following statements: 

Register A(10-l)3 $shif t  register 

T(1-3) 9 $control register (1 1 
C(0-3) e $counter 

Switch, START (ON) $ s t a r t  switch 

Light, F~NI(O~,OFF) $compl e t i  on i ndi cator 

C1 ock, P 

The sequential operations o f  the complement sequence imple- 

mented by the configuration of Figure 1 can be described by the 
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sequence chart shown in Figure 2. 

i s  turned t o  the ON position, counter C is reset  t o  0 and l ight  

FINI i s  s e t  t o  the OFF condition. 

right-shifting operation is  performed and a t  the same time 

counter C i s  incremented by 1.  

value of 10. 

right-shi f t ing operation and counter incrementing operation are 

As shown, when switch START 

Then, the complementing and 

Counter C i s  next tested for a 

I f  the value i s  no t  10, the complementing and 

again performed. Counter C is again tested. This process con- 

tinues on until counter C reaches a value of 10; by then, each 

b i t  of register A i s  complemented. 

t o  the ON condition and the sequence i s  terminated. 

Light FINI i s  then turned 

The above described sequential operations can be described 

by the following statements: 

/START(ON)/ C-0, FINI-OFF, T-100 

/T(1  )*p/ 

/T (2 )  *p/ 

/T (  3 1 *p/ FINI-ON 

A-A(l)'-A(lO-2), C-cowntup C ,  T(1,2)-01 ( 2 )  

IF(C=lO) THEN (T(2,3)+-01) ELSE (T(1,2)-10) 

END 

In the above description, counter T is a r i n g  counter for  

generating the control sequence. When b i t  T( l )  i s  1 ( b u t  no t  

other bi ts of regi s t e r  T) , m i  cro-operati ons for complementing , 
shift ing and incrementing are performed. When b i t  T ( 2 )  is  1 ,  

counter C i s  tested and sequence branched. When T(3) i s  1 ,  i i g h t  

FINI i s  turned t o  the ON condition. Since there is no micro- 

operation t o  change the contents o f  register T when T(3) i s  1 ,  

the sequence will continue t o  execute t o  t u r n  l ight  FINI t o  the 
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ON condition each time the clock signal occurs. 

It should be noted from the above description that, exclud- 

ing the micro-operations to be activated manually by switch START 

and the micro-operations involving with register T, there are 

four micro-operations as listed below: 

A +- A(l)'-A(10-2) 
(3) 

C .h-- countup C 

FIN1 t-- ON 

IF (C=10) THEN ( . . -.. ) ELSE ( . . . . . ) 
As will be shown, more micro-operations are required in the case 

of mi croprsgrammed control . 

2.2 Microprogram control 

The sequential operations of the above complement sequence 

may also be controlled by means of a microprogram stored in a 

control memory. 

register and buffer register be named H and F respectively. 

Figure 3 shows a configuration for executing a serial complement 

sequence by mi croprogrammed control which is described by the 

statements 

Let the control memory be named CM; its address 

Register, A(1O-1) $shift register 

c(0-3) 9 $counter (4) 

NO-2) 9 $address register 

F(0-8) ¶ $buffer register 

Memory CM(H)=CM(O-7 ,O-8) $control memory 
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Switch , START( ON) $s tar t  switch 

L i g h t ,  FINI (ON ,OFF) $completion indicator 

C1 ock , P( 1-2) $clock source 

The above configuration replaces control Register T i n  the 

configuration of Figure 2 by Control Memory CM and registers H 

and F. 

operati ons as 1 i sted bel ow: 

A two-phase clock is  used. They require three micro- 

F t-. C M ( H )  (5) 

H f- countup H 

IF ( C = l O )  THEN ( H  +- countup H )  ELSE ( H  c- F(0-2)) 

The first micro-operation reads a word from the control memory t o  

the buffer register F. 

register H by 1. The l a s t  one is a conditional micro-operation 

which tests and branches the sequence; this micro-operation re- 

places the similar one i n  the statements ( 3 ) .  There are six micro- 

operations a1 together. 

The second micro-operation increments 

Each word i n  the control memory is called a control word (a lso 

called a micro-instruction) which consists of 9 bits .  

o f  the control word is shown i n  Figure 4. 

f i e ld  for the H register. 

signed t o  one of the six micro-operations, 

is 3 through 8 is 1 ,  the control signal for the j t h  micro-operation.. 

is commanded. Since more than one F ( j )  bits can be 1 , more than 

one micro-operations are possible. This is one way t h a t  parallel 

The format 

Bits F(0-2) i s  an address 

Each of the remaining six bits is as- 

When b i t  F ( j )  where j 

m i  cro-operations are described. Several examp1 es of the control 
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word are shown in Figure 5. The commas in Figure 5 serve the 

purpose of better readability and they do not actually exist .  

These three control words, as will be described, actually consti- 

tute  the microprogram for the compl ement sequence. 

The sequential operations of the complement sequence imp1 e- 

mented by the configuration in Figure 3 are described by the s ta te-  

ments : 

Conment, start the complement sequence 

/START(ON)/ H-0, C+-0, FINI-OFF, F-040 (6)  

IF( 3)  *P (2 )  F+CM(H) 

comment, complement and sh i f t  

/F (  7)*P( 1 ) /  At--A( 1 ) ' -A( 10-2) 

/F(6)*P(1)/ C-countup C 

/F(5)*P(1)/ H-countup H 

/ F (  3) *P( 2 ) /  F-CCM(H) 

Comment, t e s t  and branch 

/F(8)*P(l)/ IF ( 6 4 0 )  THEN ( H  Countup H )  ELSE (H.t--.F(O-2)) 

/F (  3)*P( 2 ) /  Ft---CM( H )  

Comment, completion indication 

/F(4)*P(1)/  FINI+ON 

END 

The above description i s  divided in to  four groups. 

headed by a comment statement and carries o u t  the micro-operations 

Each group i s  

i n  each of the four blocks i n  the sequence chart of Figure 2. The 

first comment statement refers t o  a group of micro-operations, de- 

scribed by the two statements directly below this  comment statement, 
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t o  i n i t i a l i ze  the execution of the sequence when switch START is  

turned to  the ON position. These micro-operations reset  registers 

H and C ,  turn l i g h t  FINI to  the OFF condition, and set regis ter  

F t o  0408 t o  command the micro-operations of reading a word out of 

the control memory. The second comment statement refers to  the 

four micro-operations described by the four statements direct ly  

below this comment statement; this group of m i  cro-operations are  

those specified by the f i r s t  control word 0568 i n  the control 

memory shown i n  Figure 5. T h i s  control word consists of four 1 ' s  

each of which commands one of the four micro-operations (complement 

and shif t ,  increment C ,  increment H and read the memory). 

t h i r d  comment statement refers t o  the micro-operations specified 

by the second control word 0418 i n  the control memory. T h i s  con- 

The 

t rol  word consists of two 1 ' s  each of which commands one of the 

two micro-operations (test-branch and read the memory). 

comment statement refers t o  the micro-operation t o  turn on l i g h t  

FINI as specified by the t h i r d  control word 0208 i n  the control 

memory. 

quence specified by the control words i n  the microprogram. 

The l a s t  

Thus ,  statements (6)  describe the operations of the se- 

The execution of the microprogram is described by the sequence 

chart i n  Figure 6. 

there are as many branches as the number of micro-operations. 

i n g  each cycle of the loop, one or more micro-operations specified 

In this chart, there exis ts  a loop i n  which 

Dur- 

by the control word are executed d u r i n g  the first clock phase, and 

another control word i s  read out o f  the memory dur ing  the second 
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clock phase. The next control word i s  located either by i n -  

crementing register H or  by transferring the address i n  b i ts  

F(0-2) t o  the H register. The speed i n  executing the loop i s  a t  

present one serious limitation on the speed o f  microprogram con- 

trol  1 ed computers. 
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3.  A Micro-program Controlled Computer 

Having introduced the language for  describing microprogram 

control logic, we now proceed t o  describe a simple, microprogram- 

controlled, stored-program computer. 

3.1 Configuration 

The configuration of the computer is  shown i n  Figure 7. 

computer has a random access memory M w i t h  address regis ter  C and 

buffer regis ter  R .  The memory has a capacity of 4096 words and 

each word has 18 bits. There are program register D ,  arithmetic 

register A ,  s tart-stop control register G and switches START, STOP 

and POWER. 

w i t h  address register H and buffer register F. T h i s  configuration 

i s  described by the following statements: 

The.: 

For microprogram control, there is  control memory CM 

Regi s t e r  , R(0-17), . $buffer register for  memory M (7) 

A( 0-1 7 ) ,  $arithmetic register 

c(0-11) y 

D(0-11) , 
F (  1-18), 

H(1-5) 3 

G 

Subregister, R(OP)=R(O-5) 

R (  ADDR)=R(  6-1 7) , 
F(ADDR)=F( 1-5) 

Memory, M( C)=M(O-4095 ,O-17) 

1 - 1 8) CM( H)=CM (0-31 

$address register for  memory M 

$program regi s ter 

$buffer register for  memory CM 

$address register for  memory CM 

$start-stop control regis ter  

$op-code par t  of regis ter  R 

$address part of register R 

$address part  of register F 

$main memory 

$control memory 



- 11 - 

Switch , POWER (ON) , $power switch 

START (ON) $s tar t  switch 

STOP ( O N )  , $stop switch 

Clock, P( 1-3) $three-phase clock 

As shown above, the clock P i s  o f  three phases. Register G is  

of single b i t .  

3.2 Description of the sequential operations 

The instruction format consists of a 6-bit op-code f ie ld  

and a 1 2 - b i t  address f ie ld .  The instruction se t  consists of in- 

structions CLEAR-ADD, ADD, SUBTRACT, STORE, JUMP, JUMP-ON-MINUS, 

SHIFT-RIGHTIONE-BIT, CIRCULAR-LEFT-SHIFT-ONE-BIT, and STOP. Each 

instruction is implemented by a sequence similar t o  the previously 

described compl ement sequence. These sequences are call ed exe- 

cution sequences. For example, the steps for the ADD sequence are: 

step 1 R - M(C) (8) 

2,  A +I. A add R ,  H +- F(ADDR) 

3 ,  C -e--- D ,  F e- C M ( H )  

In addition, a fetch sequence i s  required. The steps for the 

fetch sequence are: 

step 1 ,  R +-- M(C) , (9) 

2 ,  H +-- R(0P) , C +-- R(ADDR) , 0 +-- countup D 

3 ,  F +-- CM(H) 

When a l l  these sequences are specified, the format o f  the control 

word is  chosen, and the control function for  each b i t  of the con- 

trol word together w i t h  the clock phase i s  next assigned t o  form 
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the control signals. The format of the control word and the as- 

signment o f  the control function are shown i n  the upper port ion 

o f  Figure 8. 

o f  the computer can now be described by the statements: 

W i t h  these control signals, the sequential operations 

Comment, s t a r t  computer operation (10) 

/POWER(ON)/ Gt--0, F+--0, H+--0, e+--0 , Dt--0 

/START(ON)/ &--I, ~(8)t-i 

/STOP(ON)/ Gc--O 

COMMENT, FETCH SEQUENCE WHEN H=O 

IF( 6)*~( 1 ) /  

/F(7)*P(2)/ 

R+--M( C) 

H+--R(OP), C+R(ADDR) , D+--countup D 

/F ( 8) *.P ( 3) / I F (G ) THEN ( F+--CM ( H ) ) ELSE ( H+--O, C+- -0, Dt- -0 , R+ 
COMMENT, ADD SEQUENCE WHEN H=l 

C/F( 6)*P( 1 ) /  R+--M( C) 

/F(ll)*P(2)/ A+--A ADD R 

/F ( 9) *P (2) / 

/F (9) *P (3) / 

Ht-- ( ADDR) 
C+--D , F+--CM( H) 

COMMENT, SUBTRACT SEQUENCE WHEN H=2 

C/F( 6)*P( 1 ) /  R+--M( C) 

/F(12)*P(2)/ A+--A SUB R 

C/F(9)*P(2)/ H+--F(ADDR) 

C/F (9) *P (3) / C+--D , F+--CM (H ) 
COMMENT, JUMP-ON-MINUS SEQUENCE WHEN H=3 

/F(l4)*P(l)/ IF (A(O))THEN(D+--R(ADDR)) 

C/F( 9)*P (2)/ H+--F(ADDR) 

C/F(9)*P(3)/ C+--D, F+--CM(H) 
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COMMENT, STORE SEQUENCE WHEN H=4 

/F( 10) "P (1 ) /  Re--A 

/F ( 1 0) *P (2 ) / M( C)+--R 

H+-- F ( ADDR) C/F (9) *P ( 2) / 

C/F (9) *P (3) / C+--D , F+--CM (H ) 

COMMENT, JUMP SEQUENCE WHEN H=5 

/F (13 ) *P(1 ) /  D+--R(ADDR) 

H*- -F ( ADDR) 

C+--D , F+--CM( H ) 
C/ F (9) "P (2) / 

C/F (9) "P (3) / 

COMMENT, SHIFT  RIGHT ONE-BIT SEQUENCE WHEN H=6 

/ F ( 1 5 ) * P ( l ) /  A+--A SHR A 

H+--F( ADDR) C/F (9) *P (2 ) /  

C/F (9) *P (3) / C+G-D, F+--CM( H ) 

COMMENT, CIRCULAR SHIFT  LEFT ONE-BIT WHEN H=7 

/ F ( 1 6 ) * P ( l ) /  A+--A C I L  A 

H+--F( ADDR) 

C+- -D F+- -CM ( 

C/F (9)"P (2) / 

C/ F (9) "P (3) / 

COMMENT, CLEAR ADD SEQUENCE WHEN H=8 

C/F ( 6) *P ( 1 ) / R+--M ( C) 

A+- -0 /F  ( 1 7) *P ( 1 ) / 

C/F(11)*P(2) /  At--A ADD R 

C/F (9) "P ( 2) / H+--F ( ADDR) 

C/F( 9) *P( 3)/ C+--D , F+--CM( H) 

COMMENT, STOP SEQUENCE WHEN H=9 

/F(18)*P(1) /  Gt--0 
) *P (2)  / H+--F ( ADDR) 

C/F(9)*P(3)/  C+--D, F+--CM(H) 
END 
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I n  the above description, there i s  a l e t t e r  C which occurs a t  the 

f i rs t  pos i t ion  of some of the statements. The presence of l e t t e r  

C a t  the f i rs t  pos i t i on  of a statement makes the statement a com- 

ment statement. 

needed as f a r  as the completeness of the description is  concerned. 

The insertion of these redundant statements makes the description 

of the microprogram more comprehensible. 

Those statements w i t h  l e t t e r  C are actually not  

3 . 3  Microprogram 

As shown, the above description is  divided into eleven groups. 

Each group i s  headed by a comment statement and carries o u t  the 

operations specified for a sequence. One group is  for a s t a r t  

sequence, another for a fetch sequence, and each of the remaining 

group is for one of the nine execution sequences for the nine i n -  

structions. Except the micro-operations i n  the f i rs t  group which 

are controlled manually, the micro-operations i n  each group are 

controlled by one control word; this is  possible for the ten se- 

quences under the microprogram control. The ten control words i n  

octal numbers are shown i n  Table 1 .  

In examining the above statement description of the computer, 

there are 22 micro-operations. If  one control b i t  is assigned for 

each micro-operation, as i n  a manner shown i n  Figure 4,  the control 

word would require 22 control b i t s  p l u s  address b i t s  or a total  of 

27 bits. For a practical computer, the number of micro-operations 

will be much larger, and the word length for the control word will 

be much too long. Therefore, i t  is desirable to  f i n d  ways t o  re- 
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duce the length o f  the contro l  word. A few i s  t o  be mentioned 

here. However, the reduct ion so achieved i s  a t  the expense o f  

f 1 e x i  b i  1 i ty o f  microprogram contro l  . 
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Control 
Memory 
Address 

G 
1 
2 
3 
4 
5 
6 
7 
8 
9 

Tab1 e 1 , Microprogram 

Control Words 
(Octal numbers) 

016 000 
011 200 
011 100 
001 020 
001 400 
001 040 
001 010 
001 004 
011 202 
001 001 

i 
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Instead of a total  of 27 b i t s ,  the control word i n  Figure 7 

has a word length of 18 bits. T h i s  reduction is  achieved by 

groupi ng m i  cro-operations under one control signal . 
as shown i n  Figure 

control signal F(7)*P(2) ;  this is possible because they occur a t  

the same time. B u t  this reduction gives u p  the use of each i n - -  

d i v i d u a l  micro-operation when such a use occurs. The reduction 

is  also achieved by grouping under one control b i t  those micro- 

operations which can take place i n  the phases of one clock cycle. 

For example, as shown i n  Figure 

a t  clock phase P(2) and micro-operations C+--D and F+--CM(H) b o t h  

a t  clock phase P(3) can be grouped under control b i t  F(9). This 

reduction again limits the individual use o f  each of these micro- 

operations . 

For example, 

, three micro-operations are grouped under 

, micro-operation H+--E(ADDR) 

Another possible way of reducing three control bits  o f  the 

control word i n  Figure 

F(13-18) are  replaced by three b i t s  F(13-15) and a decoder which 

i s  attached t o  these three b i t s .  

by the decoder statement, 

i s  as follows: The six control b i t s  

Let the decoder be specified 

Decoder, K(O-5)=F( 13-15) 

The six terminals of the decoder are K( j )  where j is equal t o  

0 through 5. The six new control signals are: 

K(5)*P(1). T h i s  reduction is possible because only one of the 

K(O)*P(l) ......., 

six micro-operations occurs a t  any one time. B u t  the use of de- 

coder limits the possibil i ty of u s i n g  more t h a n  one of these six 

micro-operations a t  the same time when such a need arises.  
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4. Simulation 

A simulator which accepts the computer organization described 

Statements (1) and (2)  for in the CDL has been constructed ( 2  ) .  

the serial  complement sequence by sequential logic control are 

punched into a deck cards, and the l i s t ing  i s  shown in Figure 9. 

Statements (4)  and (6)  for the serial  complement sequence by 

microprogram control are similari ly punched and l is ted i n  Figure 

11. 

puter are punched and l is ted in Figure 13. 

simulation runs for  the three simulations are shown in Figures 10, 

12 and 14 respectively. The reader can trace the contents of the 

registers and other elements clock by clock and statement by s ta te-  

ment. 

Statements ( 7 )  and (10) for the microprogram controlled com- 

Sample outputs  of the 

The f i r s t  eleven lines in Figure 9 and the f i r s t  twelve lines 

i n  Figure 11 are control cards for the translation phase of the 

simulation. The l a s t  ten lines in Figures 9 and 11 are control 

cards for the execution phase o f  the simulation. 

phase, the desired o u t p u t  from the printer is  specified. 

ample, the *OUTPUT statement in Figure 9 specifies t h a t  the contents 

In this execution 

For ex- 

of the registers A, T ,  C and FIN1 are printed a t  every clock. 

outputs  shown i n  Figures 10, 12 and 14 are the results of such out- 

The 

p u t  statements. 

The statements i n  the l is t ings of Figures 10, 12 and 14 have 

s l igh t  differences from statements ( l ) ,  (Z), ( 4 ) ,  (6), (7), and (10). 

These differences are enumerated below. 
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A l l  l e t t e r s  have t o  be capital l e t t e r s  

Subscripts are octal number instead of decimal numbers. 

Comnents such as $buffer register ... a t  the end of a statement 

are not permitted. 

First position of statement is  not used except a l e t t e r  C t o  

indicate the statement is a comment statement. 

Operators +--, =, countup, c i l  , shr, add, and sub are replaced 

respectively by =, .EQ., .COUNT., .SHR1 . , .ADD. and .SUB.. 

I t  i s  apparent t h a t  these differences are due t o  the limited char- 

acter s e t  of the key punch or t o  the convenience i n  the construction 

of the simulator. 

In Figure 13, the l a s t  eleven cards are the control cards for 

the execution phase of the simulation. 

which loads a t e s t  program in the language of the descripted com- 

puter i n t o  the memory. This i s  a machine language program. Both 

this program and i t s  symbolic program are shown i n  Table 2.  This 

t e s t  program includes a l l  the available nine instructions of the 

computer 

Notice the *LOAD card 
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Memory 
Address 
(decimal) 

0 
1 
2 
3 
4 
5 

, 6  
7 
8 
9 
.. 
.. 

64 
65 
66 
67 

Table 2 ,  Test Program 

Memory Word 
Contents 
(octal ) 

100 100 
010 101 
040 102 
070 000 
030 006 
050 003 
040 103 
020 102 
060 060 
110 000 
. . . . . . . 
. . . . . . a  

000 001 
100 001 
000 000 
000 000 

Symbol i c 
Program 

CLA 64 
ADD 65 
STO 66 
CLS 0 
JOM 6 
JMP 3 
STO 67 
SUB 66 
SHR 0 
STP 0 

1 
-31 
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FQ. 1 Configuration for a serial complement sequence 
by sequential logic control 



A 6- A(l)'-A(10-2) 
c 4-- countup c 

END 

Fig. 2. sequence chart for a serial complement sequence 
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Fig. 3 Configuration for a serial complement sequence 
by micropmgmmed control 
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Fig. 4 Control word forrnat 
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Fig. 5, Microprogram in the control m r y  
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Fig. 6 Sequence chart for the serial complement sequence 
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Fig. 7, Configuration for a simple s t o r e d - p m m  computer 



. 

00000 1 

00000 1 

00000 0 

00000 0- 

00000 0 

00000 0 

00000 0 

00000 0 

ooooo 
I 

r 

H Code 

0 FETCH 

1 ADD 

2 SUB 

3 JOM 

4 STO 

5 J M P  

6 SHR 

7 CLS 

8 CLA 

9 STP 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

1 

1‘ 
1 

1 

1 

1 

1 

0 

1 

1 

1 

1 

1 

1 

1 

1 

1 

n 
0 
r* 

Fr 
I 

W 

0 

.o 
0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

Note, H = con t ro l  memory address 
F(l-5) = next con t ro l  memory address 
F(6-18) = con t ro l  b i t s  
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Fig. 8, The con t ro l  word format and t h e  microprogram. 



Fig. 9 Lis t ing  of t he  descr ip t ion  of a serial complement 
sequence i n  sequent ia l  l og ic  cont ro l  
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Fig. 11 Listing of the description of a ser ia l  complement 
sequence in  microprogram control 
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Fig. 13 Listing of the description 
of a m i c m p ~ ~ g r d  computer 



Fig. 13 continued 


